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PROGRESS REPORT DATE: 1 January 1990

CONTRACT N00014-89-C-0251 R&T CODE 40600046sbiOl
PRINCIPAL INVESTIGATOR: Dr. Reinhardt A. Rosson

CONTRACTOR: BioPhotonics,: Inc.
CONTRACT TITLE: Bioluminescence for Detection of Trace Compounds

START DATE: 1 September 1989

'RESEARCH OBJECTIVE: To demonstrate the feasibility of

bioluminescaent testing for datection of toxic compounés and to
davelop an inexpensive photodicde based light detecticn systen
‘for nmeasurement of low level bioluminescence.

WORK IN PROGRESS: Since our last technical report prcaress has
been nade on several fronts including: optimization ¢f the
bioluninesgent response to ethidium bromide, development of a
light detection system, aevaluation of several potential
immobilization methocdologies, and initial investigatizn of the

lux/mer gena fusion.

1 ~ i ] c ]
coli,

We have transformed pSD721, using electroporation, in=o a
variaty of £. coli hosts with diffarent genetic backgrsunds.
Three clones (£. ¢coliDHSa(pSD721), €. coliLE392(pSD721}, and €.
coliWB373(pSD721)) werae selected for further study hec'uso of
thair relatively low endogenous background luminesceanca as well

as their rapid respcnse to low lavels of the carcinogen, ethidium
bromide (EtB3r). For simplicity, we will refaer to stra:in
designation when referring to thesa clones, a.g, THSa2 Zar £,
col iCHSarpsD721;.

-ed;u-. Luria aroch 'YB) at 30*C, LB suppcrts rap'd sroweh of
these clcnes. Bicsensor response to ZtBr was measurez hy taking
1 a1l =f freshly grzswn and diluted cultures in LB at 12°'C for a
vari.aty of cell densitiess (measured by optical dersit. at 500 rm

{(0D..y; ), and placing thesa cultures in glass vials so zhat the
~actarial susvension formed a thin filn across the hbotzonm of “he
vial., Thae Et3r solution was added and the kinetics c?f tha

rasconge over a per.cd of ywproximately 60 nin, withousz
1gitaticn, was monitcred using a photeomultiplier: zhis
tenfiguration most iccurately models the anticipated z.osensor
innlications. In corder to ontimize biosenscr resoonze, we
lavarmined the affect of clone suspensicn density, as well as tha
2fface on diluent of axpression of luminescanca.




"We have obtained plasmids and bactericphage containing ¢loned

As shown in Figure 1, all three clones at 0D,y = 0.5 show a
gsignificant response to 20 ppm of EtBr, however with the DHSa
showing a detectable response even at the 2 ppm.level. It should
be noted that the optimization of this response to EtBr has just
been initialized and further improvements are anticipated.
Figures 2 through 4 show the response of fully induced DHSa
clones grown to an OD,, = 1 (late exponential growth) and then
diluted in conditioned medium (ceil free LB which psSD721 clones
were grown to an OD,., = 1). At all three cell densities
background luminescence remains at a low level. The additiocn of
EtBr at time zero induces a rapid increase in luminescence, which
is easily mwasurable in 10 minutes or less at a cell
concentration OD,,, = 0.5. The cell population doubles
approximately every 60 ninutes (with agitation) so the
luminescent response measured was affected significantly by the
presence of EtBr. The DHSa clone showed an easily measurable

significant response to 2 ppm of EtBr and nuch higher levels of

sengitivity should te available with further optimization.

Oxygen is a substrate for luminescence. Potential biocsensors nay
be in static systems with low O, availability, therefore lcwer
call density is a prinme conSLderation for some applications. At .
lower cell densities, initial response to EtBr was measurable
after only 20 ninutes and was very strong for the DH3a clone.

Results from :hese initial studies have led to the selection of
DHSa for immobilization studies, to te performed during the
remainder of the Phase I contract pericd.

Inmobilizazi %
The DHSa clone has zeen lyophilized at a variety of cell
densities in conditioned LB. Studies are in progress to
determine the viability of the response after storage uhder a
variety of storage ccnditions (ie. temperature and light
variation). Responrnsa of the lyophilized cells to Et2r, aftar
rehydration, is also peing determined under sinilar conditions.

Several light deteczion systems have teen tested with varying

" degrees of success, Zut several econonical ohotodiode based

systems have proven capable of measur:ing the bioluminescence
response. Design cf the field detection system is dependent on
the oxygen and temperature requirements for cptimized responsa.
With the conmpletion of the EtBr lysrhilization experinents, a
final Zesign for the initizl field system can te coapleted.

1. Mergury bicsensor development SU—

bioluminescence (J/ux) and mercury .(mer) genes, respectively and ﬁi :
verified the presence and orientation of these genes. A 6.5 Xbp a ;
DNA fragment from t=he /ux operon of Xenorhabdis luminescens on the
plasmid pCGL311 (Jux cperon in plasmid pUC1l9) will be used for
mer/lux fusicon. Two 13 page containing cloned genes of the broad
sSpectrum nercury resistanca operon originally the plasmid pCU13S8

(from a Serritra sp.) have been obtained. One of these containg ~—-——
‘ o : ty Codos
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the requlatory gene, merR, the operator promotor (OP) region, and
the beginning of the first transport genes merT. The second
phage contains merR, OP, both transport genes merT and merP and
part of the reductasa gene mera.

We have purified Jux plasmid and mer phage DNA anu verified that
these DNAs can be cut with restriction enzymes. We are now ready
to do 'the genetic engineering to fuse these two genes. The
resulting Jux/mer fusion can be transformed into an appropriate £.
coll host to generate a mercury biosensor. Our strategy is to
excise the mer genes from the M13 phage with Pvu I and Sal I.
PCGLS1l will be linearized with Sma I and Sal I, and the mer DNA
will be ligated into the Sal/Sma site of pCGLS1l forming a new
plasmid with the Jux and mer genes fused together. These will be
transformed into £. col/ DHSa to form a biosensor.

4. Proiected research plan

The success of these initial tests has shown that
photoluminescent clsnes are a viable detecter for trace

. concentration of specific chemicals. The remainder sf this

initial study will focus on the utilization of lyophilized DHS5a
clones in several types of conditioned media (ie. ccmplex and
minimal). In addition, tests with fully induced cells in a
nonconditioned minizal nmedia will also be conducted.

The lyophilized DHSa clones will be used in studies cf potential
interferences using a variety of inhibitors as well 2s a study of
response to other intercalating substances. A variet: of common
chemicals and inhikitors likely to be present in environmental
samples will be tested on lyophilized DHSa clones to Zetermine
possible problems cZ interference with the response =z EtBr.

Once the mercury bicsensor is constructed, we will ccmplete
initial testing of its response and sensitivity to ccncentration
of mercury. This work is particularly significanc as it
illustrates the potential applicability of the photciuninescent
techniques to the rrcduction of biosensors for a vast aumber of

" specific chemicals.
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Luminescence (q/s)

Tigure 1

Luminous Responss of pSD721 Clones After 70 Minute
Exposure to Ethidium Bromide at Various Concentrations
{Cutture ODE0O = 0.5} :
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DHSalphe{p8DT21)
=20 ug/mi E18¢ in LB at 0°C
{cuiture OD600 « 1.0 — ssssy QD490 = 0.5}
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